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Cardiovascular  and  Pulmonary  Effects  of  Pyridostigmine 
Bromide-l^rthe  Doe;  Correlation  wittTBlood  Cholinesterase  Inhibitio_n. 

SUMMARY 

A  range  of  doses  of  pyridostigmine  were  infused  intravenously  into  anes¬ 
thetized  beagle  dogs  to  determine  the  minimal  effective  and  the  maximun  toier- 
ated  doses  upon  cardiovascular  and  pulmonary  function  and  blood  cholinesterase 
(Che)  activity.  Doses  of  0.5  and  5.0  mg/kg  infused  over  15  minutes  were  found 
to  fulfiil  these  criteria;  a  dose  of  2  mg/kg  produced  intermediate  effects. 

The  0.5  mg/ kg  dose  of  pyridostigmine  produced  a  slight  (10%)  fail  in  tidal 
volume  and  airways  compliance,  a  200%  increase  in  airways  resistance,  but  no 
change  in  respiratory  rate  or  minute  volume.  This  dose  also  produced  a  10% 
fail  in  heart  rate,  a  small  increase  in  cardiac  output  (8%),  stroke  volume 
(20%)  and  pulmonary  artery  (15%)  and  wedge  pressure  (2  mmHg),  and  a  35%  fall 
in  biood  Che  activity.  The  5  mq/kq  dose  produced  a  30%  fail  in  tidal  volume, 
a  ^0%  fall  in  airways  compliance,  a  1000%  rise  in  airways  resistance,  a  100% 
rise  in  respiratory  rate,  and  a  30%  rise  in  minute  volume.  This  dose  also 
produced  a  rise  during  infusion  and  subsequent  fail  in  systolic  pressure,  a 
30%  fall  in  diastolic  pressure,  a  45%  fail  in  heart  rate,  a  25%  Increase  in 
cardiac  contractility,  an  80%  rise  in  stroke-volume,  a  rise  and  fall  in  car¬ 
diac  output,  an  increase  in  pulmonary  vascular  resistance  (50%)  and  wedge 
pressure  (9  mmHg),  a  15-20  msec  increase  in  P-R  interval  and  a  60%  fail  in  Che 
activity.  This  dose  also  appeared  to  slow  repolarization  of  the  ventricle  as 
Q-T  interval  was  lengthened  by  17%.  The  2mq/kq  dose  generally  produced 
effects  which  were  intermediate  between  those  of  the  high  and  low  doses. 

Mucous  production  and  defecation  were  especially  notable  in  the  high  dose. 
Conclusions:  Pyridostigmine  in  doses  of  0.5  to  5  rag/kg  i.v.  in  the  dog  pro¬ 
duced  a  dose-related  inhibition  of  plasma  cholinesterase  activity.  Additional 
changes  were:  heart  rate  was  reduced;  cardiac  contractility  (dp/dt)  was  in¬ 
creased;  stroke- volume  was  raised;  cardiac  output  was  thus  only  variably  af¬ 
fected;  airways  resistance  was  markedly  increased. 
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Effects  of  Chloroquine  and  Mefloquine  Individually  and  In 
Combination  Upon  Automaticity ,  Rhythmiclty,  and  Dynamics  of  the  Heart. 

SUMMARY 


Twenty-four  adult  beagle  dogs  anesthetized  with  pentobarbital  Na  were 
injected  with  formalin  into  the  A-V  node  and  adjoining  bundle  of  His  to 
attain  complete  heart  block.  This  was  done  in  order  to  observe  separately 
the  actions  of  chloroquine  and  mefloquine  on  the  automaticity  of  both  the 
atria  and  the  ventricles.  Chloroquine  and  mefloquine  are  both  antimalarial 
drugs  which  are  known  to  interfere  with  normal  cardiac  impulse  formation  and 
contractility.  Since  the  possibility  exists  that  mefloquine  may  be 
administered  following  chloroquine  treatment  where  resistance  to  chloroquine 
has  arisen,  it  was  deemed  necessary  to  test  the  two  drugs  in  combination  to 
determine  if  any  antagonism,  additivity,  or  potentiation  of  effects  on 
cardiac  automaticity  (rhythm)  occur. 

Thirty  minutes  after  inducing  heart  block,  baseline  measurements  were 
taken  for  intrinsic  rates  for  both  atria  and  ventricles,  arterial  blood 
pressure,  and  left  ventricular  pressure.  Following  these  measurements,  the 
atria  and  ventricles  were  simultaneously  overdriven  electrically  for  2 
minutes  using  square  wave  DC  pulses  of  5  msec  duration  at  a  voltage  3  times 
the  driving  threshold.  The  atria  were  driven  at  200  beats/minute  and  the 
ventricles  at  150  beats/minute.  These  frequencies  represent  overdrive 
values  considering  the  normal  intrinsic  rates. 

Immediately  following  overdrive,  simultaneous  assessments  of  atrial  and 
ventricular  automaticity  were  made  by  measuring  the  period  of  asystole 
(period  following  cessation  of  stimulation  until  first  depolarization),  the 
period  for  the  first  10  depolarizations,  and  the  number  of  depolarizations 
in  the  first  30  second  period. 
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After  drug  administration,  this  overdrive  process  was  repeated  and 
measurements  taken  every  10  minutes  up  to  100  minutes.  The  drugs  given  were 
either  the  control  (5%  dextrose  in  water  -D5W) ,  chloroqulne  in  D5W, 

ED^q  mefloquine  in  D5W,  or  a  combination  of  i  ^^50  chloroqulne  +  i  ^^50 
mefloquine  in  D5W. 

It  was  found  that  four  of  our  experimental  variables  exhibited  respon¬ 
ses  to  chloroqulne,  mefloquine  or  the  drug  combination.  Intrinsic  atrial 
rate  and  the  number  of  atrial  beats  in  30  sec  following  overdrive  were  sig¬ 
nificantly  depressed  by  all  three  treatments.  Left  ventricular  dp/dt  was 
depressed  only  by  chloroqulne;  no  other  treatments  affected  dp/dt.  For  each 
of  these  variables,  there  were  no  differences  among  the  treatment  groups, 
only  differences  between  treatment  groups  and  the  control  group.  For  all 
other  variables,  neither  of  the  drugs  alone  nor  the  combination  produced  any 
dlscemable  effects. 

In  the  case  of  all  measured  variables,  the  values  or  responses  for  the 
combination  treatment  group  were  not  different  from  those  in  the  groups 
given  mefloquine  or  chloroqulne  alone.  Therefore,  by  Gaddum's  definitions 
of  possible  drug  interactions,  only  simple  addition  of  effects  occurred  when 
mefloquine  and  chloroqulne  were  combined. 


5 


Effects  of  Pyridostigmine  and  Mefloquine  Individually  and  in 
Combination  Upon  Automaticity,  Rhythmicity,  and  Dynamics  of  the  Heart. 


SUMMARY 


Twenty-four  adult  beagle  dogs  anesthetized  with  pentobarbital  Na  were 
injected  with  formalin  into  the  A-V  node  and  adjoining  bundle  of  His  to 
attain  complete  heart  block.  This  was  done  in  order  to  observe  separately 
the  actions  of  pyridostigmine  and  mefloquine  on  the  automaticity  of  both  the 
atria  and  the  ventricles.  Mefloquine  is  an  antimalarial  drug  that  is  known 
to  interfere  with  normal  cardiac  impulses  and  contractility.  Pyridostigmine 
bromide  is  a  reversible  inhibitor  of  acetylcholinesterase  activity  which 
Increases  the  plasma  and  tissue  half-life  of  acetylcholine.  The  resulting 
biological  effect  of  pyridostigmine  upon  the  cardiovascular  system  is 
reduced  heart  rate.  Previous  studies  in  our  laboratory  have  shown  that 
mefloquine  and  pyridostigmine  decreased  automaticity  in  the  atria.  Pyridos¬ 
tigmine  and  mefloquine  are  both  known  to  interfere  with  normal  cardiac 
impulse  formation  by  slowing  pacemaker  activity.  Since  pyridostigmine  and 
mefloquine  treatments  may  overlap,  it  was  deemed  necessary  to  test  the  two 
drugs  in  combination  to  determine  if  any  antagonism,  additivity,  or 
potentiation  of  effects  on  cardiac  automaticity,  rhythmicity,  and 
hemodynamic  variables  occur. 

Thirty  minutes  after  inducing  heart  block,  baseline  measurements  were 
taken  for  intrinsic  rates  for  both  atria  and  ventricles  and  arterial  blood 
pressure.  Following  these  measurements,  the  atria  and  ventricles  were 
simultaneously  overdriven  electrically  for  2  minutes  using  square  wave  DC 
pulses  of  5  msec  duration  at  a  voltage  3  times  the  driving  threshold.  The 
atria  were  driven  at  200  beats/minute  and  the  ventricles  at  150 
beats/minute.  These  frequencies  represent  overdrive  values  considering  the 
normal  intrinsic  rates.  Immediately  following  overdrive,  simultaneous 
assessments  of  atrial  and  ventricular  automaticity  were  made  by  measuring 
the  period  of  asystole  (period  following  cessation  of  stimulation  until 
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first  depolarization),  the  period  for  the  first  10  depolarizations,  and  the 
number  of  depolarizations  in  the  first  30  second  period. 

After  drug  administration,  this  overdrive  process  was  repeated  and 
measurements  taken  every  30  minutes  up  to  180  minutes.  The  drugs  given  were 
either  the  control  (5%  dextrose  in  water  -D5W) ,  pyridostigmine  in  D5W, 

ED^q  mefloquine  in  D5W,  or  a  combination  of  i  pyridostigmine  +  i  ^^50 

mefloquine  in  D5W  (see  page  7  for  determination  of  ED  ^q) • 

It  was  found  that  four  of  our  experimental  variables  exhibited  respon¬ 
ses  to  pyridostigmine,  mefloquine  or  the  drug  combination.  Intrinsic  atrial 
rate  and  the  number  of  atrial  beats  in  30  sec  following  overdrive  were  sig¬ 
nificantly  depressed  by  pyridostigmine  and  the  combination  of  pyridostigmine 
and  mefloquine.  For  atrial  asystole,  only  pyridostigmine  caused  an  effect 
as  compared  to  the  effect  of  mefloquine  or  the  combination  of  drugs.  The 
period  for  first  ten  atrial  beats  was  only  affected  by  pyridostigmine  as 
compared  to  the  control  group,  but  the  differences  among  the  treatment 
groups  was  not  statistically  significant.  Therefore,  by  Gaddum's 
definitions  of  possible  drug  interactions,  only  simple  addition  of  effects 
occurred  when  mefloquine  and  pyridostigmine  were  combined. 


7 


Respirator-Assisted  and  Spontaneous  Breathing 
in  Anesthetized  Dogs;  Effects  on  Blood  Chemistries. 


SUMMARY  AND  CONCLUSIONS 

An  experimental  protocol  which  compares  the  effects  of  periods  of 
positive-pressure  respirator  ventilation  and  spontaneous  free-breathing  on 
blood  pH  and  gas  values  in  dogs  anesthetized  with  Na  pentobarbital  has  been 
performed.  A  four  to  five  minute  period  was  required  for  respiratory  function 
variables  to  attain  steady-state  values  following  removal  of  the  dog  from  the 
respirator.  In  almost  all  cases  of  comparison  at  the  various  time  points, 
blood  pH  and  pO^  fell  and  blood  PCO2  rose  when  the  dog  was  switched  from  the 
respirator  to  the  free-breathing  state.  In  certain  instances,  this  change  was 
profound. 


In  two  experimental  cases,  additional  anesthesia  was  required  so  that  the 
dogs’  natural  breathing  efforts  would  surrender  to  the  respirator.  Possibly 
more  supplemental  barbiturate  will  be  required  than  with  our  previous  cardio¬ 
pulmonary  protocol  with  a  change  to  a  respirator-assisted  free-breathing 
protocol.  Further,  we  have  determined  that  three  people  will  be  required  to 
perform  the  modified  protocol  involving  respirator-assisted  and  free-breathing 
periods  -  one  for  blood  gas  analysis,  one  for  switching  airway  stopcock  and 
collecting  blood,  and  one  to  monitor  and  collect  cardiovascular  and  pulmonary 
data. 


Sincerely, 


Robert  W.  Caldwell,  Ph.D. 
Study  Director 
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Carole  Bonds,  B.S. 
Research  Assistant 

Vaness"’  0.  Davis,  B.S. 


Research  Assistant 


RWC : sbu 
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r.r-Hinv;.sr.nlar  and  Pulmonary  Effects  of  WR-238,b05  Succina^. 


SUMMARY 


In  order  to  determine  the  minimal  effective  (low)  and  the  maximum  tolerated 
(high)  doses  of  WR-238,605  upon  blood  chemistry  and  cardiovascular  and  pulmonary 
functions,  a  range  of  doses  were  intravenously  infused  into  anesthetized  beagle 
dogs.  Using  an  infusion  period  lasting  20  minutes,  2.0  ymoles/kg/min  caused 
minimal  effects,  4.5  ymoles/kg/min  produced  intermediate  effects  (mid-dose)  and 
7.0  umoles/kg/min  was  the  maximum  tolerated  dose.  WR-238,605  at  a  dose  rate  of 
2.0  umoles/kg/min  produced  modest  cardiopulmonary  changes:  slight  aortic 
systolic  and  diastolic  blood  pressure  drops;  modest  rises  in  pulmonary  arterial 
and  wedge  pressures  as  well  as  small  increases  in  LV  dP/dt  and  slight  increases 
of  respiratory  rate  and  minute  volume.  The  7  umoles/kg/min  dose  rate  of 
WR-238,605  caused  a  decrease  in  systemic  arterial  pressure,  particularly 
diastolic  pressure,  and,  following  infusion,  decreases  in  heart  rate  and  left 
ventricular  dP/dt;  increases  were  seen  in  cardiac  output,  stroke  volume, 
pulmonary  arterial  and  wedge  pressures,  air  way  resistance,  minute  volume  and 
respiratory  rate.  The  4.5  umoles/kg/min  dose  generally  produced  effects  which 
were  between  those  of  the  low-  and  high-doses;  however,  in  the  mid-dose  group, 
cardiac  output  responses  were  as  marked  as  in  the  high-dose  group.  Slight 
cardiopulmonary  changes  such  as  increases  in  airway  resistance,  left  ventricular 
dP/dt,  and  tidal  volume  have  been  noted  to  occur  during  infusion  period  with 
drug  vehicle  or  control  (0.05  N  HCl) . 

In  conclusion,  WR-238,605,  like  primaquine  and  WR-6026,  exhibits  a 
relatively  steep  dose/cardiopulmonary-response  curve.  The  minimally  effective 
dose  of  WR-238,605  was  slightly  higher  than  the  maximum  tolerated  dose  of 
primaquine  (1.75  umoles/kg/min).  The  most  profound  action  of  WR-238,605  was 
systemic  vasodilation. 
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